This investigation was to assess the role of genetic loading of hypertensive parents in the determination of blood pressure (BP) in their normotensive offspring. The medical check-up data from 7279 Japanese university students aged 19.22 ± 0.01 years were analysed of which 641 students had only one hypertensive parent with or without hypertensive grandparents, and from this number 609 cases were available for the present analysis. The BP in the students having only one hypertensive parent were in the normotensive range, but was significantly higher than in those students without hypertensive relatives. Analyses of the data from the students having only one hypertensive parent revealed that systolic BP (SBP) and body mass index (BMI) were higher in the male than in the female students. In
Introduction
A family history of essential hypertension is known to be a strong predictor of development of high blood pressure (BP). 1 In fact, normotensive offspring of parents with hypertension have slightly, but significantly higher BP levels than offspring of normotensive parents. [2] [3] [4] We have recently demonstrated that normotensive freshman students having both hypertensive parents have higher BP levels than those having normotensive parents. 5 The body mass index (BMI) of these students with higher genetic loading is a strong predictor of their BP levels. More interestingly, the offspring of both hypertensive parents have higher plasma insulin concentrations than those of normotensive parents. These data, being consistent with previous studies, [6] [7] [8] strongly suggest that there is a genetic mechanism between abnormalities of glucose metabolism and BP determination in the offpring of hypertensive parents.
In this context, recent studies on genetic loading addition, there were no differences in BP and BMI between the male students with a hypertensive father and the male students having a normotensive father. However, multivariate analyses revealed that BMI was an independent predictor of SBP solely in the male students having a hypertensive father, but not in the male students having a normotensive father. Such a relationship between BMI and BP determination was not observed in the female students with one hypertensive parent. It is suggested that there are different mechanisms for the determination of BP in normotensive offspring of hypertensive parents, and genetic loading of a hypertensive father plays a critical role in the determination of BP through BMI.
of hypertension, using genetic strain of spontaneous hypertensive rats (SHR) and backcrossing techniques, have provided evidence for the role of Y chromosome, as well as autosomal chromosomes, in the pathogenesis of hypertension. Ely et al [9] [10] [11] have reported that Y chromosome independently elevates BP in male SHR probably through increased sympathetic nervous activity. The enhanced adrenergic nerve activity influences both BP values and glucose metabolism. These data seem plausible to explain the relationship between BP regulation and abnormalities of glucose metabolism. To our knowledge, however, there have been few data available addressing the role of Y chromosome in the BP regulation in humans.
At the University of Tokyo, more than 3000 freshmen aged 18 to 20 years are enrolled every year. As part of the enrolment process, these students are required to have a medical check-up sponsored by the university. This programme has existed for more than 10 years, using almost the same protocol throughout that period. The programme has provided information on changes in health-related parameters over time. 5 In the present study, we analysed the database from students enrolled in 1993 and 1994, to investigate the role of a hypertensive father 
Subjects and methods

Design of study
The medical check-up programme for the freshmen students is operated by the university's Health Service Centre and performed by medical doctors and registered nurses designated by the university. These medical examinations are performed between late April and early May of each year. We analysed the data from 7279 students enrolled in the 2 years of 1993 and 1994. At first, the students were classified into four groups: (1) students having both parents who were diagnosed definitely by doctors with essential hypertension or have been treated with anti-hypertensive drugs. Their grandparents might be hypertensive or normotensive (FH-3); (2) students with one parent diagnosed definitely by doctors with essential hypertension and with or without hypertensive grandparents (FH-2); (3) students with at least one hypertensive grandparent without hypertensive parents (FH-1); and (4) students with neither hypertensive parents nor hypertensive grandparents or those who did not definitely know their family history of hypertension (FH-0).
Records of 32 students in FH-2 were not available because they had dropped out until the year 1996 when this analysis was performed. To investigate the role of a hypertensive father in the determination of BP, we analysed the records from 609 students in group FH-2. The students were divided into four groups according to the sex of parents: (1) male students with a hypertensive father (father-male student); (2) female students with a hypertensive father (father-female student); (3) male students with a hypertensive mother (mother-male student); and (4) female students with a hypertensive mother (mother-female student).
This programme includes a medical interview, physical examination, a chest roentgenogram, electrocardiogram and several biochemical tests. The interviews were conducted by registered nurses, including the students' family history of various illnesses and their general health status. BP measurement and heart rate determination were performed by registered nurses who had reviewed the procedure for BP determination prior to the check-up. Medical doctors then performed the physical examinations. Whole blood was collected from the students after they had fasted for at least 12 h in order to determine total cholesterol level and glutamyloxaloacetic transaminase (GOT) activity in plasma.
Blood pressure determination
After the interview, the student's BP was measured by the cuff-sphygmomanometer method in a quiet, comfortable room. The first and fourth measuring points were used to indicate the systolic and diastolic BP, respectively. If the fourth measuring point could not be read definitely, the fifth point was used to indicate diastolic BP (DBP). BP was measured four times at 5-min intervals with the student in a relaxed upright position. The last three measurements were averaged. The student's heart rate was measured simultaneously.
Determination of variables
Height and body weight were measured using an automatic electric device (Model TBF-1, Tanita Co, Ltd, Tokyo, Japan). In biochemical testing, total plasma cholesterol and GOT levels were determined using an automatic analyser (Model Hitachi 736, Hitachi Co, Ltd, Tokyo, Japan).
Statistical analysis
Values were expressed as means ± s.e. Differences were evaluated by one-way analysis of variance (ANOVA), Student's t-test, multivariate and multiple regression analysis using STATISTICA programme (StatSoft, Tulsa, OK, USA) and Gateway 2000 P4D-100 computer system (Gateway 2000 Inc, N Sioux City, SD, USA) running on Windows 95 operating system. P values less than 0.05 were accepted as statistically significant.
Results
Annual medical check-up programme
All 7279 freshmen students enrolled at the University of Tokyo participated in this medical check-up programme. Table 1 summarised their demographic data and family history of hypertension. There were 6175 males and 1104 females, age range 17 to 28 years; mean 19.22 years. More than 99% students were 17 to 21 years old. Approximately 8.8% of the students had one hypertensive parent (FH-2); for 0.3% of the students, both parents were hypertensive (FH-3). For all groups of students, systolic BP (SBP) and DBP were within the normotensive ranges. BP was comparable in the students without hypertensive relatives (FH-0) and students with only hypertensive grandparents (FH-1). However, those who had hypertensive parents (FH-3 and FH-2) showed a significant increase in BP values as compared with those with no family history of hypertension (FH-0). Interestingly, the BP of students where both parents were hypertensive (FH-3) appeared to be higher than in those with one hypertensive parent (FH-2) although the differences were not significant. Heart rates did not differ significantly among the four student groups. There were no significant differences in body weight (BW), height and body mass index (BMI) among the four groups of students. Total cholesterol levels tended to be higher in those with hypertensive parents (FH-2 and FH-3). GOT levels did not differ among the four groups.
Analyses of FH-2 group
We investigated the role of a hypertensive father in determination of BP level using data from 609 students in group FH-2. The various parameters in each Summarised data for the students examined during the 2-year study period. FH-0, students with normotensive relatives; FH-1, students with at least one hypertensive grandparent and no hypertensive parents; FH-2, students with one parent with hypertension and with or without hypertensive grandparents; FH-3, students with hypertensive parents and with or without hypertensive grandparents; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; GOT, plasma glutamyl-oxaloacetic transaminase activity; TC, plasma total cholesterol level; 2.0E-8, 2.0×10
; and 2.9E-7, 2.9×10 −7 . The difference was compared with the respective values in FH-0 group using one-way analysis of variance and Student's t-test. P values less than 0.05 were considered statistically significant. subgroup of FH-2 were shown in Table 2 . BMI, SBP, DBP and plasma GOT levels were higher in the male students than in the female students of FH-2 group. More accurately, the male students having a hypertensive father (father-male student) exhibited significantly higher BMI, BP levels and plasma GOT activity than the female students having a hypertensive father (father-female student). More interestingly, there were no differences in BMI, SBP, DBP or plasma GOT levels between the male students having a hypertensive father (father-male student) and the male students having a normotensive father (mother-male student).
Multivariate analyses
To assess separately the independent predictors of BP in the male students of FH-2 group, raw determinants were analysed using multiple regression analyses. In the male students having one hypertensive parent, BMI, heart rate and DBP, in order of strength, were independent predictors of SBP; however, in the female students having one hypertensive parent, BMI did not influence the determination of ; 5.2E-9, 5.2×10 −9 ; and 1.2E-5, 1.2×10 −5 . n represents number of students. Differences between total of male students and female students, father-male student and father-female student or mother-male student and mother-female student were assessed by one-way analysis of variance and Student's t-test. P values less than 0.05 were considered statistically significant. SBP (Table 3) . With regard to DBP, BMI was not related to the values either in the male or in the female students.
To investigate these points further, we re-analysed the effects of the sex of parents and their offspring on BP determination using the data from four subgroups of FH-2 (Table 4) . BMI and heart rate were major independent predictors of SBP solely in the male students having a hypertensive father (fathermale student), but not in the male students having a normotensive father (mother-male student). This relationship was observed in neither the female students having a hypertensive father (father-female student) nor the female students having a hypertensive mother (mother-female student). With regard to DBP, we could not extract its independent predictors in any of the four subgroups.
Discussion
An increasing number of studies have demonstrated that normotensive persons with hypertensive parents exhibit higher levels of BP than the subjects having normotensive parents do. [1] [2] [3] [4] [5] 12, 13 The 444 difference in BP level between the offspring of normotensive and hypertensive parents is observed in childhood as well as in adulthood. More interestingly, higher levels of BP in the offspring of hypertensive parents are often associated with an increase in plasma insulin concentrations or a decrease in insulin sensitivity and increased response of adrenergic nervous system to mental stress. [9] [10] [11] 14, 15 In fact, Scherrer et al 16 have demonstrated the relationship between BMI and the rate of sympathetic nerve discharge to skeletal muscle vasculature in normotensive subjects. In this context, we have demonstrated in our previous study that BP levels are well correlated to BMI in non-obese, normotensive freshman students having both hypertensive parents, and that such offspring have relatively higher plasma insulin concentrations. 5 We demonstrated in the present study that in FH-2 group, BP levels were significantly higher in the male students than in the female students. The male students also had significantly higher BMI and GOT levels. Indeed, multivariate analyses revealed that in the male students, BMI was an independent predictor of BP, but not in the female students. When we analysed the sex-differences in the determination of BP in the normotensive offspring, it was revealed that BMI was an independent predictor of SBP solely in the male students having a hypertensive father (father-male student), but not in the male students having a normotensive father (mother-male student). These data clearly suggest that there are differences in mechanisms for BP determination between the male students having a hypertensive father and those having from a normotensive father. Genetic factor(s) from a hypertensive father are probably responsible in part for this linkage between abnormalities of glucose metabolism and BP determination. At this time, it is not clear how the genetic loadings from a hypertensive father are related to abnormalities of glucose metabolism. However, recent studies using hypertensive rat models have provided an insight into the understanding of the mechanism of genetic loading of hypertension. These have emphasised the role of autosomal chromosomes and Y chromosome in determination of BP in SHR. 9, 10, 17, 18 Considering these data from backcrossed SHR, Y chromosome from a male rat with hypertension is responsible in part for elevation of BP probably through enhanced adrenergic nerve system or androgen receptor mediated events. 11, 19 If hypertensive Y chromosome influences adrenergic nerve activity in human as well, [12] [13] [14] [15] this theory is able to explain the linkage between the genetic loading from a hypertensive father and BMI observed in the present study. In this context, we demonstrated in the present study that heart rate is one of the predictors of SBP in the male students having a hypertensive father. This suggests that adrenergic nervous system plays a role in producing the relationship between BP determination and glucose metabolism. To address these questions, however, we have to expand our study and investigate more precisely the alterations in adrenergic nerve system in the student group having only one hypertensive parent (FH-2).
In the present study, we interviewed the students to investigate their family history of hypertension. We reconfirmed the family history from their parents whenever it was not clear. These procedures were of use to increase the reliability of history taking. Despite such efforts, ultimately, we could not determine the family history in approximately 1.2% of the students. These unknown cases were included in FH-0 group.
There is a difficulty in assessing how much is genetic loading of hypertension in humans because a number of hypertensive parents are presumed to be heterogeneous in hypertensive genes. Strictly speaking, a hypertensive father may include hypertensive and normotensive chromosomes. However, considering the fact that the parents in the present study were in their forties or fifties and develop hypertension at relatively younger ages, it seemed possible that the genetic loading of hypertension is greater, and that hypertensive genes occur in the Y chromosome as well as autosomes. In the present study, we demonstrated that the relationship between BMI and BP determination was observed in the male students having a hypertensive father, but not in the male students having a hypertensive mother and a normotensive father. The male students having a hypertensive mother and a normotensive father must possess hypertensive genes in their 22 autosomes. This suggests that autosomes from a hypertensive parent are not responsible for the relationship between BP determination and BMI. In addition, we also demonstrated that there were no differences in BP determination between the female students having a hypertensive mother and those having a hypertensive father. These students also have hypertensive autosomes from a hypertensive mother or the autosomes from a hypertensive father, suggesting that the hypertensive autosomes do not produce the relationship between BP determination and BMI. These data favours the hypothesis that genetic factor(s) from a hypertensive father alone are involved in producing the linkage between BP determination and BMI.
Finally, we demonstrated in the present study that genetic loading of normotensive and hypertensive fathers increases BP, as compared with female students. In addition, genetic factor(s) from a hypertensive father are required to establish the relationship between BP determination and BMI in very young normotensive offspring. At this particular time, however, we are unable to address definitely the mechanism of this relationship. Population analyses using genetic techniques would provide much information to understand the pathogenesis of hypertension in humans.
